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FOREWORD
This report presents the final results ot one of the 56 projects comprising the Military-Effects
Program of Operation Teapot, which included 14 test detonations at the Nevada Test Site in 1955.

For overall Teapot military-effects information, the reader is referred to "Summary Report
of the Technical Director, Military Effects Program, " WT-1153, which includes the following:
(1) a description of each detonation including yield, zero-point environment, type of device,
ambient atmospheric conditions, etc. ; (2) a discussion of project results; (3) a summary of the
objectives and results of each project; and (4) a listing of project reports for the Military Effects
Program.
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ABSTRACT
Basic thermal- radiation measurements, comprising total and broad-band spectral distribution
of radiant energy, radiant energy as a function of field of view of the measuring instrument,
and total radiant power versus time, are reported for the second thermal pulse of Shots 1, 2,
3, 5, 6, 9, and 10. All data were taken from ground stations at ranges as close as feasible to
the detonations.

The data is reported and analyzed to obtain the total thermal energy, the total thermal emis-
sion per unit of time, fireball sizes and geometries, and color and power temperatures, all as
a function of time.

New methods of analysis are used that show promise of correlating the thermal characteris-
tics of the fireball with burst parameters. The new methods result in significantly higher
thermal yields in all cases.

Significant differences are shown in the thermal properties of tower and air bursts. The air
bursts have higher thermal yields, higher peak irradiances, higher peak temperatures, and
different pulse shapes than tower bursts.

The thermal properties of an air burst are shown to vary with altitude. Taie higher the alti-
tude, the shorter the time scale, the larger the fireball, and the lower the total thermal energy.
The peak temperature is little changed.

More-specialized measurements are qrted for several shots. Goniometric measurements
of the thermal radiation received under the s8 e layer during Shot 5 were successfully com-
pleted. Indications are that the results are consihtent with predictions. Measurements at ex-
tremely close ranges were attempted during Shot 12, but with very little success, primarily
due to recording difficulties.

Applicable data were obtained for all of the specified objectives, but additional data is needed
to complete the study of the thermal radiation from nuclear detonations. Recommendations are
made as to what measurements are required.

5
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PREFACE
The methods of data interpretation, the scaling relationships, and conclusions reached in Chap-
ters I and 5 of this report, represent the state of the art as of about the end of 1957. As of that
time, only the thermal data from Operation Teapot had been analyzed in detail. The data quoted
for other field tests had not been subjected to detailed treatment and hence must be considered
preliminary in nature.

In the interval between the initial submission of this manuscript and its final publication, the
detailed analysis of thermal data from all field tests has b, )n completed and submitted as a
summary report (Reference 18). The conclusions and scaling laws for air and tower bursts, as
presented in this report of wider scope, are more extensive and complete, and supersede those
presented in this text.

6
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INTRODUCTION
1.1 OBJECTIVES

The objective of Project 8.4b was to determine the physical characteristics of the thermal
radiation from nuclear devices detonated during Operation Teapot at ranges where the thermal
radiation causes damage to military targets.

More specifically, the objectives were to: (1) accumulate basic thermal data, such as total
thermal energy, broadband spectral distribution of the thermal energy, and the thermal irra-
diance, for weapon sizes for which these data were not available; (2) check the existing ther-
mal scaling laws and to modify and extend them to include a wider range of weapon sizes; (3)
attempt thermal measurements, at extremely close ranges and high energies where there were
no experimental data available; (4) determine the relative differences in thermal energy re-
ceived from tower and air bursts and to compute the thermal yields for both cases; (5) see if
a correlation exists between weapon characteristics and the characteristics of the thermal ra-
diations; (6) determine the effects of burst altitude upon the pulse shape and other characteris-
tics of the thermal radiations; (7) assist the Army Chemical Corps in the evaluation of the
effectiveness of an oil-fog smoke screen as an attenuator of thermal radiations; (8) attempt a
determination of thermal input to various material plots placed at close ranges and the corre-
lation of the data with air temperature, sound velocity, gas sampling, and photographic meas-
urements; (9) obtain additional data relative to the atmospheric attenuation of thermal radiations;
(10) determine the effective color temperature of the fireball as viewed from close range; (11)
determine the apparent geometry and size of the firebal' at times of significant thermal emis-
sion; (12) determine the minimum power temperature of the fireball as a function of time; and
(13) test new thermal instrumentation designed to measure in energy ranges higher and lower
than those measured in previous operations.

1.2 BACKGROUND AND THEORY

Thermal radiation is one of the more important parameters that must be measured in the
evaluation of a nuclear device and its effects. In addition to providing a method for determin-
ing the characteristics of the device itself, thermal-radiation produces gross effects in target
materials and is a complicating factor that must be taken into account in conducting experiments
at close ranges to detonations.

Some of the more important effects caused by the thermal radiation are: ignition of mater-
ials, burning of humans, modification of the shock wave, modification of the fallout pattern of
the nuclear debris, 1 and weakening of structural materials, such as aircraft skins, so that

1 The effects of fire storm on atmospheric circulation have not been fully investigated. Fallout patterns
from bombs detonated over inflammable targets may differ significantly from results obtained at test sites
where inflammable materials are absent. A burning city may afford some measure of self-protection from
fallout.
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they become more vulnerable to shock damage.
The interpretation of measurements of thermal radiation is a rather complex problem. In

addition to the thermal pulse being a transient phenomenon requiring high-time-response in-
strumentation, the experiments are usually complicated by the complex geometries of the field
test situations. As a result, the so-called standard thermal measurements are of two basic
types: (1) the determination of the input to a specific target at a specific location and (2) the
determination of the characteristics of the particular nuclear device to make it possible to scale
the phenomena to other devices, weapons, and other situations. Standard thermal measure-
ments include total radiant energy, thermal radiant power versus time, broad-band spectral
distribution, and field-of-view measurements.

Prior to Teapot, the thermal data for devices of yields of less than 10 kt was extremely
limited. The only devices for which data of reasonable accuracy were available were the first
and second shots of Operation Tumbler-Snapper. The data from these shots (Reference 1) did
not give satisfactory agreement with the accepted scaling laws (Reference 2), which were
evidently satisfactory for larger yields.

While the data for total radiant energy did give relatively good agreement with the scaling
laws, the data for times to second maximum gave a poor fit. It was believed that this discrep-
ancy was due to the use of a large case to enclose a relatively small nuclear device.

The relatively poor fit using the times to second maximum was of concern because meas-
urements of total radiant energy are, at times, either impossible to obtain or are extremely
complex, while the time to second maximum is relatively simple to measure with sufficient
accuracy. Operation Teapot provided an opportunity to attempt to resnlve theFse difficulties
and to gain additional basic thermal data using existing instrumentation.

Before Teapot there had been relatively little interest shown in thermal measurements at
distances where the total radiant energy was more than about 100 cal/cm2, since total blast
destruction usually occurred at these close ranges. Thus, no measurements had been made
for these high thermal inputs and the only means of prediction of energy values was by extrapo-
lation. The process of extrapolation was extremely dangerous in this case, because the shocx
wave arrived during the delivery of a significant portion of the thermal pulse, and it was not
known as to what extent the post-shock dust would obscure the target and effectively cut off the
thermal input. If the shock wave were to exhibit such an exposure-limiting action, then the
thermal energy predicted up to time of shock arrival would have a maximum value at some dis-
tance from the device, rather than at ground zero. Such a phenomenon would add further com-
plications to the interpretation of test results.

There were also some questions as to the geometrical and optical properties of the fireball
when viewed from close distances. The field of view of the receiving surface, the radiating
characteristics of the fireball surface, and asymmetries in the shape of the fireball become
increasingly important. The thermal energy received at close distances may also be depend-
ent upon selective spectral absorption of the atmosphere. While it Is well known that gaseous
absorption of radiation plays a major role in the formation of the fireball proper, little is
known at present of the absorption of radiation in the first few hundreds of feet outside the
surface of the fireball.

The measurements being made by this project are not intended to provide detailed ans-
wers to all of these close-range energy problems, but only to reveal any gross effects that may
be present. Thus, if future measurements are required, data will be available to give some
insight into the instrumentation problems.

Early in the history of thermal measurements at close distances, it had been determined
(Reference 3) that the thermal energy received from a tower burst would be less than that re-
ceived from an air burst of equivalent yield. Time and opportunity, however, had not made it
possible to make any measurements in an effort to determine typical reduction factors. Since
the "schedule" of Teapot intermixed tower and air bursts, it was decided to use existing
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towers and instrumentation to make measurements, not otherwise required, on certain tower
bursts.

Some of the more interesting unknowns concerning the formation of the fireball are the
effect of the size and style of the case used to enclose the device and the assembly used in the
device itself. It is believed that all or some of these variables could be of considerable im-
portance in determining the shape of the thermal pulse, particularly for the smaller devices.
Operation Teapot provided a large selection of these smaller devices, and the data gained should
give some insight into the effects of these parameters.

The effect of burst altitude on the formation of the fireball is of both military and scientific
interest. The effectiveness of nuclear devices used to counter ballistic missiles and used as
anti-aircraft shells is dependent upon the thermal and nuclear radiations emitted, as well as
the shock front established at the reduced air densities encountered at high altitudes. Since
thermal radiation is a major factor in the destruction of aircraft at lower altitudes, it is im-
portant to know if there is a significant change in the thermal characteristics of devices when
detonated at high altitudes. The scientific interest in a high-altitude detonation is stimulated
by the opportunity to verify the existing theories concerning the effect of variation of air den-
sity on the formation of the fireball. For these reasons, thermal measurements of the high-
altitude detonation (Shot 10) were made by this pruject from a location near ground zero. Due
to the small yield of the device and the large distance involved, it was necessary to employ
new instrumentation designed specifically for this application.

During Operation Upshot-Knothole, the U.S. Naval Radiological Defense Laboratory was
again asked to assist the Army Chemical Corps in the determination of the attenuation of an oil-
fog smoke screen. The previous results (Reference 4) and a theoretical study made by the
University of Michigan (Reference 5) provided sufficient data so that the area to be screened
could be efficiently instrumented with the available equipment. While the thermal-radiation
measurements themselves are reported herein, details of the smoke screen and its effective
attenuation can be found in the report for Project 8.3 (Reference 6).

The interaction of thermal radiation with the exposed surface areas in the vicinity of a nu-
clear detonation causes major modification of the atmosphere through which the expanding
shock front must travel. Differences in the temperature or the composition of the propagating
media can cause major changes in the shape of the pressure versus time profile. The air-
temperature measurements during Operation Tumbler-Snapper showed that very-high tempera-
tures existed over desert sand prior to shock arrival (Reference 7). The sound-velocity meas-
urements during Operation Upshot-Knothole showed pronounced increases in the sound velocity
over fir boughs, as compared with the velocity over desert sand. The increased velocity was
believed due to a combination of increased temperature due to combustion and a change of
chemical composition of the media over the surface of the plot (Reference 8).

In order to attempt an explanation of the phenomena, plots containing eight different materials
were exposed during Operation Teapot. Project 8.4b provided thermal instruments in these
p. s so as to measure the thermal input up until the time of shock arrival. Both the total ra-
diant energy and shape of the thermal pulse were measured with instruments at, or immediately
above, the surface of each plot. Additional measurements were also made at a 10-foot elevation
over some of these plots. A complete description of the plots, their associated instrumentation,
and the measured inputs can be found in the report for Project 8.4e (Reference 9). Only those
measurements deemed to be of interest as basic thermal data are listed in the present report.

The prediction of thermal energies at large distances from the point of detonation is dependent
upon the attenuation of the atmosphere. Although the energy as a function of distance for Nevada
tests is fairly well known (Reference 4), these data cannot be applied to other atmospheres of
interest until scattering and absorption effects are better known. The broad-band spectral-
distribution measurements and the field-of-view measurements made by Project 8.4b should
prove useful for determining the magnitudes of these effects.

The broad-band spectral measurements should also provide an indication of the effective
color temperature of the fireball as seen from distances where the energy ranges are such
that the thermal radiation is capable of doing damage to physical objects. By combining the

15
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color-temperature measurements with photographic measurements of the fireball radius versus
time, an effective emissivity can be determined for the fireball surface. Should the values for
total energy received, spectral distribution of the energy, and the fireball size give consistent
results, our knowledge of the fireball and its mechanisms would be substantially increased.

Operation Teapot also provided an opportunity to field test instrumentation planned for use
during future operations. Such an opportunity is always welcomed, as it provides some assur-
ance of favorable results where the data are urgently required.

16
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Chop/er 2

INSTRUMENTATION
2.1 EXPERIMENTAL DESIGN

Standard basic thermal-radiation measurements were made during six shots from ground
installations relatively close to ground zero. The measurements consisted of determinations

of the total radiant energy (TE), of the broad-band spectral distribution (SP), of the total ra-
diant energy density as a function of the field of view of measuring instrument (FV), and of the
total thermal irradiance versus time (RD). The types and locations of the measurements made
during each shot are given in Table 2.1.

Column 3 lists the number of total-radiant-energy measurements made at each location
using standard Mark 6F integrating calorimeters. These instruments had quartz filters and a
field of view of 90 degrees. Column 4 lists the number of broad-band spectral measurements
made at each location. These instruments were identical to those used for the measurements
listed in Column 3, except that Corning glass filters were used in place of quartz. Column 5
lists the number of measurements of total radiant energy using instruments with fields of view
different from those listed in Column 3. The fields of view chosen were 180, 45, 22, and 11
degrees. The angles refer to the included angle of the cone from which the instruments re-
ceived energy. The angles used at each station are given in Chapter 3. Column 6 lists the
number of irradiance-versus-time measurements made at each station using standard Mark 6F
radiometers. These instruments all had quartz filters and a 90-degree field of view.

In some cases, additional measurements were made during these shots with photronic cells,
whenever spare recorder channels were available. These cells were used primarily to mark
zero time and have limited additional value. A more-complete description of the instrumenta-
tion is given in Section 2.2. Further details of the layout of instrumentation are given in Chap-
ter 3 for easier reference and interpretation of data.

In addition to the standard thermal measurements, several types of specialized measure-
ments were made. In particular, measurements were made at extremely low energy ranges
of the high-altitude burst (Shot 10), at extremely high energy ranges and over various mater-
ial plots during Shot 12, and under the smoke layer during Shot 5. The instrumentation for
Shot 10 is given in Table 2.2.

The abbreviations used are the same as those for Table 2.1, except that "PC" is used to
denote the number of photronic-cell measurements. The numbers and types of instruments
used were limited by the preparation time available.

The extremely high energy-range measurements made during Shot 12 consisted of determin-
ations of the thermal input at grade level on the various plots of materials and a limited number
of measurements at an elevation of 10 feet. These measurements are listed In Table 2.3.

The abbreviations used to head columns have the same significance as those used for Tables
2.1 and 2.2. The measurements listed in Columns 3 through 7 were made at either the 0-foot
or the 10-foot elevation, as indicated. Those at 0 feet were intended to give an estimate of the
thermal energy reaching the plot surface and those at 10 feet to Indicate the energy received at
early times above the smoke and dust layer. Further details of Shot 12 instrumentation are
given in References 9 and 17.

The measurements made under the smoke layer during Shot 5 were made in support of

17
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TABLE 2.1 INSTRUMENTATION LAYOUT FOn sTANDARD

THERMAL MEASUREMENTS*

1 2 1 4 5 6

Shot Ground Distance TE Si' FV RI)

ft

1 1,500 2 4 , 2
1 3,000 2 , 4 2

2 2,750 2 , 4 2
2 4,950 2 4 4 2
3 4,550 2 , 4 1

3 5,410 2 4 4 1

5 4,950 2 4 4 1

6 5,200 2 4 4 2

6 6,600 2 4 4 2
9 1,500 2 4 4 2

9 3,000 2 4 4 2

* Standard thermal measurements are those made with

NRDL Mark 6F calorimeters and radiometers.

TABLE 2.2 INSTRUMENT LAYOUT FOR SHOT 10

1 2 3 4 5
Station Distance to Ground Zero TE SP PC

ft

8.4b-3 2,000, east 5 4 6

410 34,216, south 1 - -

TABLE 2.3 THERMAL INSTRUMENTATION FOR SHOT 12 MATERIAL PLOTS

1 2 3 4 5 6 7
Distance to Material RD at 0 ft TE at 0 ft TE at 10 ft FV at 10 ft RD at 10 ft

Ground Zero in Plot

ft
1,000 Water - 1 1 1 1
2,500 Water - - 1 1
1,000 Asphalt 1 1 1 1 -

2,000 Asphalt 1 1 1 1
1,000 Desert 1 1 1 1

200 Desert 1 1 1 1 -

2,000 Concrete - 1 - - -

2,000 Fir Boughs 1 1 - -

2,000 Ivy I 1 - - -

2,000 Painted Wood I 1 - - -
2,000 Soil 1 1 - -

18
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Project 8.3, Army Chemical Corps. These measurements are outlined in Table 2.4. Further
details of Shot 5 instrumentation can be found in Reference 6.

The headings of Columns 2 through 5 list the function and field of view of the instruments.
All instruments, except the goniometric measurements (GM, listed in Column 4, Table 2.4)
were aimed at air zero.

In addition to the measurements listed in Table 2.4, Project 8.4b provided thermal in-
struments and technical assistance to several other projects. Standard Mark 6F calorimeters
and radiometers were supplied to Project 5.1 for use in measuring the thermal input to an air-
plane parked relatively closi to ground zero. Standard instruments were also supplied to
Project 5.5 for use in measuring the thermal input to aircraft components positioned at close
range. Special calorimeters and radiometers for extremely high energy ranges were supplied
to Project 5.4 for use in the determination of the thermal input to specimens of interest in the
design of ballistic missiles. A total of more than 300 individual thermal instruments, con-
structed and calibrated by the Thermal Radiation Branch, Naval Radiological Defense Labora-
tory, were supplied to the various participating agencies.

2.2 DESCRIPTION OF INSTRUMENTATION

The Mark 6F instrumentation was similar to that used during Operation Upshot-Knothole and
is described in detail in the basic thermal report for that operation (References 4 and 18). The
detecting instruments used were the Mark 6F calorimeters and radiometers, the signals from
which were recorded on oscillographic recurders.

The Mark 6F calorimeter is essentiaily a blackened copper disk with a thermocouple, either
silver-soldered on the back face or embedded in the geometrical center of the disk. The de-

TABLE 2.4 INSTRUMENTATION UNDER SMOKE LAYER
ON SHOT 5

1 2 3 4 5

TE TE GM SP
Distancero Field of View

90 deg 180 deg 180 deg 90 deg

ft

1,000 2 2 8 -

1,400 2 - 6 4

1,900 2 2 8 -

tecting disk receives energy from a field of view of 90 degrees total angle and is covered with
a quartz window. The output signal is carried to the recorder over a pair of twisted and
shielded wires. The recorder used is a recording oscillograph employing d'Arsonval galva-
nometers and a moving strip of photosensitive paper. Proper series and shunt resistors are
used to adjust the level of the signal and to provide the correct damping for the galvanometers.

The Mark 6F radiometer consists of a thin, blackened silver foil mounted over a hole in a
massive copper block. Constantan wires attached to the center of the foil and to the edge of the
hole provide two thermocouples, which permit measurement of the temperature difference
from the center of the foil to its edge. The field of view, filter, and recording system are
similar to those used with the Mark 6F calorimeter.

The special instrumentation used for Shot 10 consisted of both commercial detectors and
the Mark 7F calorimeter, which was designed specifically for this purpose. The commercial
instruments used consisted of ten-junction thermopiles available from the Minneapolis-
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Honeywell Company and have been described in detail by Harrison and Wannamaker (Reference
10). This instrument was lacking in some of the characteristics desirable in measuring a
transient pulse of the type observed from a nuclear detonation, but had the advantage of being
available in the limited time in which the instrumentation was assembled. The thermopiles
were given an added coating of a diffuse black to increase their absorptivity and make the re-
ceiving surface diffuse. Special adaptors were then used to enable the thermopiles to be
mounted in a case similar to that used for the Mark 6F instruments.

The principal disadvantage of the thermopiles was their high rate of heat loss. The thermo-
pile loses heat too slowly to record the thermal radiant power versus time, and loses heat too
rapidly to properly record the integrated energy, with the realization that large corrections
would be necessary to obtain the final energy values. To avoid full reliance upon these correc-
tions, these instruments were used primarily to obtain the broad-band spectral distribution,
where to a first approximation, only the comparative readings between instruments are impor-
tant. The absolute radiant energy was measured with the newly designed Mark 7F calorimeter.

The Mark 7F calorimeter was designed on the same theoretical basis as the Mark 6F instru-
ments, i.e., a receiver thickness small enough to give 20 msec or better time response and
great enough to keep the rate of heat loss low enough so that the corrections to be applied to the
recorded deflection would be a small percentage of that deflection. The additional design fea-
tures involved were extension of the sensitivity to low-energy regions without an increase in the
rate of heat loss and simplification in the arrangement for mounting the receiver disks.

The extension to low-energy ranges was achieved by the use of a large number of individual
disks, each disk being essentially a Mark 6F calorimeter in itself. If the disks are carefully
constructed, the net result is simply a multiplication of the output signal by the number of disks
used. By combining 20 identical disks, each having an output of 1 mvolt/(cal/cm 2) and a heat
loss of 5 pct/sec the resultant instrument has an output of 1 mvolt per %20 cal/cm 2, but main-
tains a heat loss of 5 pct/sec. Further design makes it possible to make the resistance of the
instrument exactly the value required for the proper damping of the galvanometer used in the
recorder, thus achieving the maximum possible deflection while still maintaining proper
damping.

The mounting of the individual disks was simplified because of the relatively small tempera-
ture rise, of the order of a few degrees, as contrasted with the several-hundred-degree tem-
perature rise sometimes encountered with the Mark 6F instruments. While the higher temper-
ature required an invariable, nonconducting, mechanical mount, it was possible to use lucite
cementing techniques in the case of the lower temperatures. It was also possible to use dead-
air spaces of the proper proportions so as to minimize the convective losses of the disks and
thus balance out the added conductive losses caused by the larger area of support in the cement-
ing method. Only the preparation time available limited the number of these instruments used.
The signals from both the ten-junction thermopiles and tha Mark 7F calorimeters were recorded
in a manner similar to that used for the Mark 6F calorimeters.

The instrumentation required for Shot 12 was for use at energy ranges higher by a factor of
ten than the energy ranges for which the Mark 6F instruments were designed. The instruments
designed for this purpose, designated the Mark 8F calorimeters and radiometers, were again a
modification of the Mark 6F design. The diffuse black surface of platinum black was replaced
by a diffuse white surface of magnesium oxide. The absorptivity of the receiving element was
thus lowered by a factor of about seven without changing the other characteristics of the instru-
ments. This procedure permitted use of the Mark 8F instruments and thus provided a simpli-
fication of the field instrumentation.

The instrumentation used under smoke on Shot 5, at some locations on Shot 12, and in the
field-of-view measurements on other shots, required the use of the Mark 6F instruments with
a 180-degree field of view rather than the standard 90-degree field of view. A dome filter was
designed and fabricated from quartz for this purpose. Under the conditions that the radius of
the dome be large and the wall section thin, the rounded cover causes little or no error to be
introduced. In fabrication, however, it was not possible (due to the short time available) to
form the quartz domes completely free from defects. As a result, the domes had a small
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imperfection directly normal to the receiving surface. This imperfection had the same effect
as a small convex lens. In selecting the domes for use, an attempt was made to select domes
in which this "lens" had a focal length of greater than half the distance to the receiving disk.
For this situation, no energy is added to or subtracted from the amount the disk would receive
if the lens effect were not present.

Several variations of the standard Mark 6F instruments were also used for various shots.
The broad-band spectral distribution was measured by replacing the quartz windows of the 90-
degree instruments with Corning glass filters of suitable transmission characteristics. The
details of these filters are given in Chapter 4 to avoid repetition. The filters used were sim-
ilar to those used during previous operations. The fields-of-view measurements were made
by extending the length of the calorimeter cases so that the front of the case limited the field
of view to the desired total angle. All other details of these instruments were identical to the
standard instruments.

The instrumentation provided for other projects was all of the standard Mark 6F variety,
with the exception of that provided for Projects 5.4 and 5.5; this nonstandard instrumentation
was designed and constructed in a fashion similar to that used for the Project 8.4b high-energy-
range measurements during Shot 12. Standardization of instrument characteristics and re-
cording techniques was carried out wherever possible, because of the extremely large number
of measurements employed.
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Chop/er 3

RESULTS
Standard thermal measurements were made during Shots 1, 2, 3, 5, 6, and 9. In several cases
data were lost at one of the two stations on these shots, but in all cases data are available from
a second station. The loss of data was due to failure of the paper drive mechanism in the re-
corders, caused by swelling of the photographic paper due to excess moisture in the recording
shelters. Since elimination of the moisture is not always feasible, a special type of film, also
less sensitive to gamma radiation, has since been used to replace the paper. No recorder fail-
ures have been reported since the new film has been in use.

Satisfactory thermal measurements were made during Shot 10 from a station 2,000 feet east
of ground zero. Results were obtained under the smoke screen during Shot 5 up to the time of
shock arrival at each of the thi ee stations. The results at the material plots for Shot 12 were
pour. Approximately half of the data were lost duc to some type of recorder failure never be-
fore experienced, and as yet unexplained.

3.1 STANDARD THERMAL ENERGY

Integrated values of the thermal energy (cal/cm2 ) arriving at the detecting units of Mark 6F
calorimeters are given in Tables 3.1 through 3.8. Energy values are reported in tabular form
from time zero to twelve specified times of interest. The significance of these particular
times is discussed in Chapter 4. The energy values listed in these tables represent the energy
transmitted by the filters used on each instrument and must be corrected for filter transmission
to obtain the energy incident at the measuring station. Transmission curves for all filters and
methods of correction are given in Chapter 4. The column headings list the various types of
measurements made at each location, and have the following meanings:

FV 180: A black receiver protected by a thin quartz dome. Included angle of field of view is
180 degrees (2v steradlans).

FV 90: A black receiver protected by a flat quartz filter. Included angle of field of view is
90 degrees.

FV 45: Same as FV 90 except that included angle is 45 degrees.
FV 22: Same as FV 90 except that included angle is 22 degrees.
FV 11: Same as FV 90 except that included angle is 11 degrees.
SP 052: A black receiver protected by P flat Corning 0-52 filter. Included angle of field of

view is 90 degrees (Reference 11).
SP 369: Same as SP 052, but with Corning 3-69 filter.
SP 258: Same as SP 052, but with Corning 2-58 filter.
SP 756: Same as SP 052, but with Corning 7-56 filter.
Although the energy values are given to as many as four significant figures, the accuracy is

not of this order of magnitude. The accuracy of the data is discussed in Section 4.2.

3.2 HIGH-ALTITUDE BURST

Shot 10 was a high-altitude shot of low yield, so that the energy incident at the ground-zero
station was two orders of magnitude lower than that generally measured with the standard
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TABLE 3.1 CALORIMETER RESULTS, SHOT 1*

Station 220, slant range 2,428 ft.

Time Type of Measurement
FV180 FV180 FV90 FV45 (FV22)t SP052 SP369 SP258 SP756

sec cal/cm
2  

cal/cm2  
cal/cm

2  
cal/cm 2  

cal/cm
2  

cal/cm
2  

cal/cm
2  

cal/cm
2  

cal/cm

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.024 0.245 0.115 0.126 0.117 0.064 0.126 0.102 0.066 0.017
0.043 0.979 0.577 0.654 0.586 0.128 0.692 0.441 0.298 0.104
0.053 1.406 0.922 1.079 0.936 0.193 1.130 0.644 0.431 0.155
0.067 1.954 1.381 1.654 1.286 0.193 1.694 0.914 0.596 0.241
0.086 2.501 1.897 2.287 1.636 0.193 2.318 1.184 0.776 0.344

0.125 3.107 2.470 2.998 2.044 0.257 3.002 1.521 0.992 0.464
0.192 3.590 2.982 3.565 2.433 0.449 3.622 1.851 1.222 0.584
0.288 4.077 3.556 4.203 2.859 0.514 4.248 2.228 1.487 0.722
0.480 4.503 4.072 4.774 3.270 0.643 4.812 2.602 1.786 0.878
0.768 4.872 4.535 5.281 3.681 0.709 5.319 2.978 2.088 1.071
1.440 5.316 5.121 5.901 4,221 0.842 5.907 3.440 2.466 1.323

- 6.076 6.098 6.834 4.862 0,975 6.827 4.208 3.081 1.798

Accuracyt RU 0.063 RU 0.058 RU 0.063 RU 0.061 RU 0.064 RU 0.063 RU 0.033 RU 0.032 RU 0.017

These data must be corrected, before use, as described in Chapter 4.
t See Section 4.2 concerning accuracy of results.

TABLE 3.2 CALORIMETER RESULTS, SHOT 20

Station 8.4b-1, slant range 5,005 ft.

Time Type of Measurement

(FV180)t FV180 FV90 FV45 FVll SP052 SP369 SP258 SP75i

sec cal/cm 2  
cal/cm

2  
cal/cm

2  
cal/cm

2  
cal/cm

2  
cal/cm 2  

cal/cm
2  

cal/cm cal/cm'

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.034 0.087 0.072 0.093 0.096 0.084 0.094 0.064 0.044 0.026
0.061 0.314 0.255 0.286 0.290 0.265 0.284 0.200 0.133 0.052
0.075 0.437 0.387 0.409 0.412 0.384 0.406 0.280 0.189 0.078
0.095 0.575 0.538 0.571 0.556 0.539 0.568 0.392 0.267 0.104
0.122 0.782 0.720 0.763 0.748 0.720 0.762 0.532 0.366 0.142

0.177 1.058 1.002 1.046 1.023 0.987 1.049 0.757 0.522 0.208
0.272 1.387 1.343 1.388 1.347 1.303 1.393 1.010 0.723 0.311
0.408 1.597 1.578 1.605 1.556 1.501 1.605 1.199 0.869 0.404
0.680 1.785 1.756 1.803 1.753 1.649 1.794 1.370 1.021 0.510
1.088 1.851 1.889 1.916 1.871 1.718 1.898 1.467 1.105 0.581
2.040 1.893 1.953 1.993 1.957 1.750 1.970 1.532 1.160 0.643
- (2.00) (2.02) (2.05) (2.02) (1.57) (1.19) (0.694)

Accuracy, RU 0.018 RU 0.010 RU 0.010 RU 0.012 RU 0.012 RU 0.012 RU 0.013 RU 0.011 RU 0.012

* These data must be corrected, before use, as described in Chapter 4.

t See Section 4.2 concerning accuracy of results.

23

SECRET



TABLE 3.3 CALORIMETER RESULTS, SHOT 3*

Station 8.4b-2, slant range 4,960 ft.

Time Type of Measurement
(FV180)t FV180 FV90 FV45 FV11 SP052 SP369 SP258 SP756

sec cal/cm 2  
cal/cm2  

cal/cm2  
cal/cm2  

cal/cm cal/cm cal/cm
2  

cal/cm
2  

cal/cm2

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.043 0.216 0.186 0.206 0.199 0.180 0.209 0.162 0.103 0.040
0.077 0.629 0.586 0.616 0.605 0.515 0.610 0.446 0.308 0.118
0.094 0.859 0.800 0.839 0.826 0.704 0.839 0.607 0.422 0.156
0.119 1.177 1.122 1.162 1.142 0.988 1.158 0.835 0.581 0.222
0.153 1.581 1.512 1.562 1.541 1.352 1.563 1.153 0.808 0.312

0.221 2.226 2.139 2.196 2.163 1. 12 2.186 1.669 1.201 0.480
0.340 3.054 2.956 3.031 2.974 2.549 3.001 2.365 1.759 0.765
0.510 3.648 3.547 3,634 3.554 2.978 3.585 2.907 2.200 1.025
0.850 4.193 4.085 4.180 4.058 3.298 4.113 3.424 2.657 1.328
1.360 4.481 4.368 4.475 4.328 3.460 4.399 3.704 2.922 1.534
2.550 4.650 4.548 4.668 4.484 3.551 4.579 3.8,3 3.084 1.699
- 4.723 4.696 4.837 4.606 3.600 4.704 3.950 3.152 1.791

Accuracyt RU 0.019 RU 0.010 RU 0.010 RU 0.012 RU 0.012 RU 0.011 RU 0.014 RU 0.011 RU 0.013

* These data must be corrected, before use, as described in Chapter 4.
f See Section 4.2 concerning accuracy of results.

TABLE 3.4 CALORIMETER RESULTS, SHOT 5*

Station 8.4b-1, slant range 4,676 ft.

Time Type of Measurement

(FV180)t FV180 FV90 FV45 FVI1 SP052 8P369 SP258 8P756

sec cal/cm2  
cal/cm

2  
cal/cm

2  
cal/em cal/cm cal/cm cal/cm2  

cal/cm cal/cm

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.036 0.134 0.107 0.126 0.128 0.112 0.127 0.100 0.060 0.026
0.064 0.402 0.332 0.364 0.368 0.322 0.366 0.264 0.179 0.067
0.078 0.549 0.470 0.517 0.520 0.459 0.516 0.364 0.239 0.093
0.099 0.766 0.682 0.730 0.726 0.655 0.728 0.514 0.334 0.132
0.128 1.020 0.925 0.986 0.985 0.888 0.988 0.701 0.464 0.180

0.185 1.428 1.325 1.392 1.397 1.253 1.395 1.002 0.691 0.278
0.284 1.882 1,785 1.860 1.844 1.657 1.861 1.384 0.973 0.411
0.426 2.325 2.206 2.298 2.271 2.003 2.285 1.745 1.260 0.570
0.710 2.677 2.529 2.647 2.605 2.243 2.626 2.050 1.518 0.732
1.136 2.927 2.775 2.904 2.841 2.399 2.870 2.262 1.719 0.914
2.130 3.085 2.943 3.080 3.001 2.493 3.031 2.403 1.847 1.051

- 3.127 3.073 3.214 3.124 2.512 3.150 2.472 1.933 1.150

Accuracyt RU 0.012 RU 0.010 RU 0.011 RU 0.012 RU 0.012 RU 0.011 RU 0.012 RU 0.012 RU 0.014

* These data must be corrected, before use, as described in Chapter 4.

t See Section 4.2 concerning accuracy of results.
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TABLE 3.6 CALORIMETER RESULTS, SHOT 6*

Station 221, slant range 6,698 ft.

Time __4 ___ Type of Measurement
FV180 (FV180)t FV90 FV45 FV11 SP052 SP369 SP258 SP756

sec cal/cm
2  cal/cm

2  cal/cm
2  cal/cm

2  cal/cm
2  cal/cm

2  cal/cm
2  cal/cm

2  cal/cm
2

0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.051 0.132 0.098 0.107 0.107 0.109 0,102 0.083 0.066 0.028
0.091 0.477 0.365 0.398 0.390 0.381 0.391 0.289 0.212 0.088
0.111 0.706 0.543 0.596 0.585 0.579 0.595 0.427 0.316 0.127
0.141 1.031 0.821 0.885 0.884 0.885 0.882 0.632 0.461 0.181
0.182 1.437 1.149 1.219 1.218 1.208 1.219 0.878 0.644 0.250

0.263 1.972 1.651 1.657 1.656 1.657 1.653 1.217 0.919 0.347
0.404 2.520 2.236 2.097 2.091 2.086 2.088 1.584 1.234 0.500
0.606 2.930 2.664 2.437 2.430 2.425 2.415 1.882 1.500 0.654
1.010 3.328 3.013 2.765 2.750 2.726 2.720 2.172 1.764 0.830
1.616 3.554 3.242 3.014 3.001 2.934 2.962 2.395 1.980 0.997
3.030 3.695 3.410 3.196 3.179 3.018 3.123 2.540 2.113 1.141

- 3.738 3.502 3.294 3.272 3.028 3.208 2.597 2.161 1.214

Accuracyt RU 0.016 RU 0.016 RU 0.015 RU 0.018 RU 0.018 RU 0.017 RU 0.013 RU 0.013 RU 0.014

* These data must be corrected, before use, as described in Chapter 4.

t See Section 4.2 concerning accuracy of results.

TABLE 3.7 CALORIMETER RESULTS, SHOT 9*

Station 220, slant range 2,397 ft.

Time Type of Measurement

FV18 (FV180)t FV90 FV45 (FV22)t SP052 8P369 SP258 SP756

sec cal 'cm
2  

cal/cm cal/cm
2  

cal 'cm 2  
cal/cm

2  
cal/cm

2  
cal/cm2  

cal/cm
2  

cal/cm
2

1.0009 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.n37 0.721 0.605 0.504 0.451 0.374 0.462 0.274 0.192 0.073
0.066 2.990 3.221 2.339 2.077 1.865 2.306 1.360 0.893 0.323
1.081) 4.357 4.789 3.500 3.080 2.816 3.452 1.990 1.338 0.465
,,.102 6.175 7.036 5.137 4.521 4.129 5.044 2.883 1.969 0.676
1).131 7.693 8.944 6.716 5.892 5.386 6.568 3.741 2.565 0.888

0.190 9.030 10.681 8.241 7.265 6.587 8.079 4.651 3.194 1.099
(.292 10.356 12.404 9.807 8.634 7.833 9.589 5.616 3.879 1.347
(1.438 11.346 13.815 11.110 9.789 8.871 10.877 6.495 4.570 1.578
t 7.30 12.235 15.229 12.483 10.999 9.917 12.224 7.472 5.296 1.924
1.16'1 13.078 16.359 13.597 11.976 10.618 13.311 8.277 5.971 2.240

.1 9' 14.446 17.986 15.217 13.3111 11.126 14.823 9.545 7.060 2.806
- 16.3$6 20.079 17.325 14.9183 11.516 16.735 11.260 8.706 4.091

Cli 1'ILCQt RI 0.0611 RU 0.055 RU 0.056 RU .,506 RU 0.053 RU 0.057 RU 0.030 RU 0.032 RU 0.019

I hi data must bc corrected, before use, as described in Chapter 4.
Sctim 4.2 concerning accuracy of results.
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